Introduction
Studies of cerebrovascular disease were, until fairly recently, concerned with the delineation of clinical syndromes caused by the occlusion of individual intracerebral arteries. Blockage of a carotid artery in the neck was reported by Cooper in 1836 and its clinical importance stressed by Hunt in 1914. Carotid arteriography (Moniz et al., 1937) provided the means of accurate diagnosis of extracranial vascular disease, and directed attention towards the clinical and pathological effects thereof. Hutchinson and Yates (1957) emphasized the association of disease of the carotid and vertebral arteries with cerebral lesions, and these same authors (Yates and Hutchinson, 1961) concluded that cerebral infarction was more often due to stenosis of extracranial than of intracranial arteries. Schwartz and Mitchell (1961) found that stenosis of vessels in the neck did not necessarily lead to cerebral infarction,'but established a correlation between occlusion of these arteries and cerebral infarction.
The possibility of effective treatment provides a stimulus for the more precise diagnosis of extracranial lesions of the carotid and vertebral systems. Surgical treatment is helpful in some cases of atherosclerosis affecting the major vessels of the neck (De Bakey et al., 1962 ), while Millikan et al. (1958 have recommended the use of anticoagulants in advancing occlusion of the carotid artery and in the treatment of transient cerebral ischaemic attacks. Marshall (1967) stressed the inaccuracy of the clinical diagnosis of cerebrovascular lesions. He pointed out that about a quarter of a million strokes occur each year in the United Kingdom and advocated careful selection, from this vast number, of those patients who need neuroradiological investigation. Angiography is probably the most useful and accurate investigation, but usually only large radiological centres are equipped to carry out this technique, and even in the most experienced hands angiography may be hazardous in patients with atherosclerosis. Lumbar puncture and echo encephalography are useful preliminary investigations in patients suffering from strokes, but their main value lies in the exclusion of intracerebral haemorrhage and tumour. Ophthalmodynaamo-metry is helpful in the diagnosis of recent unilateral occlusion of the internal carotid artery (Liversedge and Smith, 1961) . Combined with carotid compression, ophthalmodynamometry may show characteristic changes in about 90% of patients with carotid occlusion (Lowe and Stevens, 1961) . However, this technique may be dangerous in the presence of local disease of the eye, notably glaucoma and retinal detachment, and requires skill and practice before reliable results are obtained. The patient's eye needs to be anaesthetized with cocaine and the pupil dilated with homatropine. Ophthalmodynamometry gives very variable results in the presence of stenosis, rather than occlusion, of the carotid artery.
Wood (1964, 1965) first demonstrated the usefulness of thermography in cerebrovascular disease. We have studied a group of patients suffering from cerebrovascular lesions, using thermographic techniques whose diagnostic value we have tried to assess.
Technical Considerations
Thermography is a refinement of thermometry. It enables very small changes in temperature to be detected. The first thermograph was designed and so named by John Herschel in 1840; he showed that alcohol evaporated quickly from strips of paper when these strips were exposed to the infrared radiations discovered by his father (W. Herschel, 1800). Hardy (1939) (1965) .
The temperature of the skin fluctuates because of such factors as skin blood flow, the rate of convection due to air currents, and the amount of insulation provided by clothing and hair. The exposed skin of the face in controlled surroundings, where the ambient temperature is kept constant and free from draughts, achieves an equilibrium with the environment. Under these conditions changes in skin temperature, and hence altered infrared emission, will reflect changes in blood flow. The skin of the face is largely supplied by the external carotid artery. The lateral supraorbital region is supplied by the frontal branch of the superficial temporal artery, which is part of the external carotid system. The medial part of the forehead, above the inner aspect of the orbit on each side, however, is supplied by the frontal and supraorbital branches of the ophthalmic artery. The ophthalmic artery arises from the internal carotid artery just after it emerges from the cavernous sinus. A lesion of the internal carotid artery proximal to the origin of the ophthalmic artery which is sufficient to cause reduced blood flow, might be expected to lead to cooling over the central part of the forehead on the corresponding side. Lesions of the common carotid artery might cause more extensive cooling over the face on the same side, and in particular the cooling over the forehead would be likely to extend laterally. These changes in blood flow may be complicated by the opening up of some of the five anastomotic connexions between the internal and external carotid systems on the same side. After carotid occlusion the blood flow in the contralateral artery may be increased (Hardesty et al., 1961) , and this might be reflected in a rise of skin temperature on the unaffected side. There are thus several possible patterns of altered facial temperature and infrared radiation which could result from carotid arterial disease. We might expect, however, that all of these changes due to proximal carotid lesions would produce some asymmetry of thermal maps of the fac.. Wood's (1965) finding of 88% correspondence between thermographic and angiographic diagnosis. Aarts (1968) found the thermogram accurate in 95% of his cases. Both these authors, like ourselves, found that significant cooling of the forehead occurred when the lumen of the carotid artery was reduced by about one-half. These findings imply that blood flow in the ophthalmic artery is usually reduced in patients with carotid stenotic lesions of this severity. These changes are at variance with the experimental work of Hamilton et at. (1963) in dogs, and with the observations in humans of Brice et al. (1961) . These authors found that blood flow was reduced by arterial stenosis only if the arterial lumen was reduced to a crosssectional area of 5 sq. mm. and that significant reduction in flow did not occur until this area was reduced to 2 sq. mm. These figures correspond to a reduction of the arterial lumen by a factor of 84 to 93%.
It is difficult to reconcile the thermographic results of this and other studies with these experimental findings. Yates (1967) has suggested that atherosclerosis in extracranial arteries may reduce flow, not only by narrowing of the arterial channel but also by producing turbulent flow. He points out that the irregular contours of atheroma may distort the normal laminar flow in an artery, causing turbulence and giving rise to the common clinical features of a palpable thrill and audible bruit over the artery. Such a change in the flow pattern provides a possible explanation for the reduced flow in the ophthalmic artery implicit in our results.
Facial thermography is of little use in the presence of vertebrobasilar arterial disease. Thermographic findings may mislead in these circumstances by implicating the carotid arteries. A similar lack of correlation was found by Sutton and Davies (1966) Characteristically, a previously healthy child develops a sore throat and increasing dyspnoea, and then within a few hours of onset becomes so severely ill that the terms " shock," " prostration," and " collapse " have been used by different authors to describe the general condition. Examination of the respiratory tract shows. pharyngitis and laryngitis with supraglottic oedema, but the pathognomonic feature, which may be missed unless the tongue is depressed or pulled forward, is a swollen red epiglottis that " bears a striking resemblance to a bright red cherry obstructing the pharynx at the base of the tongue " (Berenberg and Kevy, 1958 
